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Abstract 
This paper introduces a novel process for the controlled re-emission and immobilization of Mercury (Hg) in waste 
water treatment plants of wet flue gas desulfurization (FGD). The aim is to create a highly concentrated sink for Hg 
for further processing. Experiments are carried out with a continuously operated lab-scale wet FGD system and a 
batch-wise operated waste water treatment unit. By aeration of the liquid phase, the controlled desorption of Hg 
during the alkalization process of the waste water treatment is enhanced. It is demonstrated, that Hg is emitted in its 
elemental form (Hg0). Thus, a chemical reduction of Hg2+ takes place prior to its desorption. Linear dependency of 
Hg0 formation on Sulfite- (SO32-) and Hydroxide-ion (OH-) concentration indicates first order dependency of reaction 
kinetics. Decreasing concentration of Hg0 in the exhaust air for increasing Cl--concentration is observed. The results 
show exponential dependence of Hg0 mass transfer on stirring speed and almost constant re-emissions for the aeration 
flow rates investigated.  Thus, the application of low air flux is beneficial in terms of energy demand of the fan and 
also for the purpose of creating a highly concentrated sink for Hg in the process. The concentration decrease of Hg2+ 
in the waste water is proportional to the savings in terms of precipitating agent consumption of the further processing 
steps.  
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1. Introduction 
Mercury (Hg) is recognized as a pollutant of global concern due to its long-range transport in the 
atmosphere and its persistence in the environment. It bioaccumulates in ecosystems and has numerous 
negative effects on human health and environment. The combustion of fossil fuels account for a 
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significantly high share of total anthropogenic mercury emissions to the atmosphere [1]. Main Hg species 
emitted are Hg in its elemental form (Hg0) and oxidized mercury compounds (e.g. HgCl2). In this context, 
all material flows emitted by power plants need to be taken into account. While Hg0 is practically 
insoluble in water, HgCl2 is being removed from the flue gas in the wet flue gas desulfurization (FGD) 
scrubber due to its water solubility. However, aqueous HgCl2 is susceptible to chemical reduction, leading 
to re-emissions of Hg0 in the FGD process [2]. The desired final sink of mercury is the sludge of the FGD 
waste water treatment. In a typical configuration, the heavy metal removal step of the process is initiated 
by increasing the pH-value of the purge from the hydrocyclone by the addition of Ca(OH)2 or Na(OH)2. 
Under these conditions, numerous heavy metals precipitate in the form of solid metal hydroxides [3]. 
However, HgCl2 does not precipitate sufficiently. For meeting strict effluent limit values, the subsequent 
addition of organosulfides in a second step is necessary, leading to the formation of solid metal sulfides. 
Finally, the insoluble compound HgS can be disposed safely due to its advantageous properties. However, 
it has been reported in previous works that increasing the pH-value of HgCl2 containing slurries promotes 
re-emissions of Hg0 [4]. This could result in uncontrolled desorption of Hg0 during the first stage of waste 
water treatment, limiting the actual Hg-removal rate of the plant and causing unnoticed safety issues. 
Thus, the approach of this study is to take advantage of the redox characteristics of HgCl2 and 
intentionally enhance its desorption by aeration of the liquid during alkalization in a controlled process. 
The resulting small gas flow with increased content in Hg0 is directed to a suitable adsorber.  
2. Experimental method 
The experiments are conducted with a test-rig consisting of a continuously operated lab-scale wet FGD 
and a batch-wise operated waste water treatment unit. In the absorber section, a synthetic flue gas, spiked 
with 2000 mg/m³STP SO2, is brought into contact with the circulating slurry in a countercurrent process at 
a temperature of 60 °C. In the stirred and aerated sump, the forced oxidation of the absorbed sulfite 
species takes place. The pH-value in the sump is controlled to a value of 5.1 by dosing CaCO3 slurry. The 
3.5 wt.-% solid content of the slurry consist of 99.9 % gypsum. Aqueous concentrations are adjusted to 
250 μg/l Hg2+ and 0.5 – 15 g/l Chloride (Cl-) by dissolution of reagent grade chemicals and validated by 
AAS and IC respectively. In the first stage of the experiments, the FGD is operated under reference 
conditions. Once steady state is reached, the slurry is removed from the FGD and subsequently separated 
by filtration. The liquid phase is directed to the electrically heated alkalization reactor, equipped with 
online redox- (ORP) and pH-monitoring. Alkalization is performed by addition of a Ca(OH)2 solution. An 
adjustable air flow is bubbled through the liquid, monitoring its increase in Hg0-concentration as a 
function of experimental parameters. The Hg-rich air flow is directed to an activated carbon adsorber.  
3. Results and discussion 
The origin of the waste water is the continuously operated FGD process. Very low total Sulfite 
concentration in the waste water is indicated by the ORP of ~ 250 mV. After filtration, the liquid is 
gradually alkalized by the addition of Ca(OH)2 solution to the constantly aerated reactor at a temperature 
of 60 °C. The strong impact of pH on the reduction of Hg2+ and the subsequent re-emission of Hg0 to the 
exhaust air becomes obvious by the results presented in Fig. 1a). Interestingly, the shapes of the resulting 
curves for all Cl--concentrations can be qualitatively separated in two pH ranges (lower and higher than ~ 
pH 8) as illustrated by Fig. 1a). For pH < 8, the here proposed mechanism for the generation of Hg0 is the 
reduction of aqueous Hg2+ by residual SO32- according to Eq1. Further evaluation indicates additional 
evidence for the assumption for SO32- being the dominant reducing agent in the low pH region. Almost 
identical dependency on pH of both Hg0 formation and share of SO32- on total Sulfites, calculated using 
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the acid constant of H2SO3 in water is presented by Figure 1b). For the high pH range (> pH 8), a differing 
mechanism is proposed. Due to the maximized share of SO32-, it is likely that OH- is a possible second 
corresponding electron donor for the reduction of Hg2+. Thus, the illustration of Hg0 re-emissions as a 
function of OH--concentration for pH > 8, as presented in Fig. 1c), reveals a linear dependency. The 
suggested net reaction for the high pH range is stated by Eq. 2. Additionally, reaction kinetics are 
proposed by Eq. 3, with yHg and FAir being the Hg0-concentration in the exhaust air and the aeration flow 
rate respectively. Thus, the reaction order with respect to the concentration of the proposed reducing 
agents SO32- and OH- (RA) is 1. Since for all experiments conducted in this work, Hg2+-concentration was 
adjusted to 250 μg/l, the dependency with respect to Hg2+ cannot be derived from the data presented here.  
SO32- + Hg2+ + H2O   ⇄  Hg0 + SO42- + 2 H+    (1) 
4 OH- + 2 Hg2+   ⇄ 2 Hg0 + O2 + 2 H2O    (2) 
r = -d[Hg2+]/dt  = yHg*FAir = k • [RA]  RA = SO32- or OH- ; for [Hg2+] = const.  (3) 
In presence of Cl-, the increased share of stable complex-compounds of Hg2+ (e.g. [HgCl4]2-) leads to  
lower concentration of reactive Hg2+. The individual Cl--content in real FGD slurries depends on the Cl-
content of the coal combusted and operating parameters. The stabilizing effect of Cl- on the chemical 
reduction of Hg2+ and subsequent desorption of Hg0 is depicted by Fig. 1c). Furthermore, due to the 
narrow range of OH--concentration in Fig 2b), the effect of the step wise addition of Ca(OH)2 on the 
reaction can be observed by the transient deviation from the linear trend. However, after reaching 
equilibrium, the dependency of the reaction rate on OH--concentration is linear for all Cl--concentrations 
investigated. In-line with Eq. 3 it can be concluded, that the rate of reaction with respect to Hg2+ is not 
depending on total Hg2+-concentration, but more likely on the activity of uncomplexed Hg2+. This 
conclusion is supported by the smaller individual slopes of the linear trends for increasing Cl--
concentration in Fig. 1c). Still, the reaction results in significant Hg0 re-emissions of at least 600 μg/m³ for 
pH=9, even for the highest Cl--concentration investigated.  
 
Fig. 1: Hg0-re-emissions during alkalization (a) and Hg0 formation as a function of SO32- (b) and OH--concentration (c) 
However, the re-emitted Hg0 mass flow is not solely determined by reaction kinetics, but also depending 
on mass transfer from the aqueous to the gas phase. Thus, further experiments are conducted at variable 
stirrer speed and aeration flow rate respectively. The resulting 5 minute averages of Hg0 re-emissions at 
60 °C and constant pH-value of 6 are presented in Fig. 2a). Significantly enhanced Hg0 re-emissions for 
increasing stirrer speed are observed. The results of the aeration flow variations, conducted at constant pH 
of 8.4 are illustrated by Figure 2b). The resulting Hg0 mass flow is calculated as product of measured 
Hg0-concentration and adjusted air flow rate. From this data, it can be concluded that the efficiency of the 
process in terms of energy demand is maximized for low aeration flow rates. At the current state of 
development, the energy demand of the process cannot be estimated reliably. However, the operation of a 
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fan to provide the air flow is the only electrical energy consumption of the process. Process heat 
integration could be implemented by heat exchange from the FGD slurry to the waste water treatment 
with positive effect on the removal of gaseous pollutants in the scrubber at lower temperatures and 
simultaneously enhanced desorption of Hg0 by the proposed waste water treatment process.        
  
Fig. 2: Effect of stirrer speed (a) and Aeration rate (b) on Hg0-concentration in the exhaust air during alkalization  
4. Conclusion and outlook 
The proposed process based on chemical reduction of Hg2+ and subsequent re-emission of Hg0 is 
characterized by lab-scale experiments. Chemical mechanisms are proposed, including SO32-, OH- and 
uncomplexed Hg2+ as reactants. Optimum efficiency of the process is enabled by sufficient agitation and 
low aeration. Process efficiency decreases with Cl--content. For pH 9, at least, 35 % of the total Hg2+-
inventory is stripped from the waste water per hour. The suggested low-tech process has several 
advantages and could be easily implemented into existing plants. The new concentrated sink for mercury 
created, increases sustainability and reduces the consumption of precipitation agents. Further experiments 
will focus on heat and energy integration of the process and the utilization of slurry samples from full 
scale plants. The findings could be used for further development of the proposed process as well as for the 
prevention of unnoticed Hg emissions in FGD waste water treatment. 
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